The new ferrocene-derived primary phosphines FcCH 2 CH 2 PH 2 , 1,1'-Fc'(CH 2 PH 2 ) 2 and 1,2-Fc"(CH 2 PH 2 ) 2 together with the arsine FcCH 2 CH 2 AsH 2 have been synthesised and characterized; FcCH 2 CH 2 EH 2 are completely air stable while 1,2-Fc"(CH 2 PH 2 ) 2 is airstable for at least several months. The crystal structure of the arsine is also described. 
Introduction
Primary phosphines and arsines, REH 2 (E = P, As), particularly those containing lower alkyl groups, are typically highly air-sensitive, and often pyrophoric, with high toxicity and noxious odours, making them unpleasant and difficult materials to handle. Clearly, 3 there is a desire for compounds of this type with "user-friendly" characteristics, as recently noted by Katti et al. [1] Nevertheless, primary phosphines and arsines have a very rich chemistry, promoted by the reactivity of the E-H bond. [2, 3] In recent years, there have been a number of reports on the synthesis and use of air-stable primary phosphines. The use of bulky substituents in the mesityl-type phosphines 1 has been perhaps the most general route for stabilizing primary phosphines, [4, 5] though these are exclusively aryl phosphines. In the area of alkylphosphines Katti and co-workers have recently described a number of remarkably air-stable primary alkylphosphines which contain amide, carboxylate and thiol functional groups; the common feature of the airstable derivatives is an amide linkage four bonds away from the PH 2 group.[1, 3, 6] Other air-stable alkyl derivatives include the dibenzobarrellene phosphine 2, [7] together with a range of cationic derivatives of the general type [R 3 completely air-stable in the solid and solution states. [9] We subsequently wished to ascertain the generality of this stabilisation by the synthesis of related ferrocene-derived primary phosphines and arsines, and the results are presented in this paper. 4 
Results and discussion

Synthesis and characterization of primary phosphines
The air-stable primary ferrocene phosphine FcCH 2 PH 2 3b was originally synthesised by reaction of FcCH 2 P(CH 2 OH) 2 with the formaldehyde-abstracting reagent Na 2 S 2 O 5 . [9] We wished to employ a more general route involving reduction of phosphonate esters, with the expectation that the method could also be employed to prepare a range of related primary phosphines and arsines derived from ferrocene. The reducing agent of choice was a mixture of LiAlH 4 and Me 3 SiCl, which has been found to be a highly effective reducing mixture in primary phosphine synthesis. [ were the bis-primary phosphines 5 and 6 respectively, isolated as yellow oils; phosphine 6 sublimes under vacuum as a dark orange oil. The 1,2-phosphonate isomer has not been prepared previously, and was prepared by reaction of 1,2-Fc"(CH 2 Cl) 2 with excess P(OEt) 3 . The phosphines 4 -6 are soluble in petroleum spirits and possess a mild odour typical of primary phosphines.
The phosphines give the expected 31 The IR spectra showed bands characteristic of P-H stretches, at 2294, 2290 and 2265 cm -1 for 4, 5, and 6 respectively.
Phosphine 4 appears to be completely air-stable (a solid sample exposed to air for 2 years showed no decomposition) while 6 is stable in air for at least several months, and 5 appears to be stable for several weeks. FcPH 2 was less reactive towards air, but was also oxidized by air over a period of several days. After 5 days exposure to air, the 31 P NMR spectrum showed a mixture of the primary phosphine oxide and phosphinic acid with very little residual phosphine present.
These observations suggest that the presence of the alkyl spacer is a key factor in providing air stability in the ferrocenyl-phosphine system. Further studies are necessary to determine the effect of even longer alkyl spacers on phosphine stability. The molecular structure of 7 is shown in Figure 1 , together with the atom numbering scheme. Selected bond lengths and angles are given in Table 1 . The structure confirms the compound as a primary arsine. The CH 2 CH 2 group is slightly disordered, and extends away from the ferrocenyl moiety, with major [95%; C(1) and C (2) were also obtained by sublimation of the compound under vacuum, and a preliminary X-ray structure determination showed the compound to be isomorphous and hence isostructural to 7. A full structure determination was therefore not continued.
Synthesis and characterization of the primary arsine
Molybdenum carbonyl complexes of ferrocene-derived primary phosphines
Molybdenum carbonyl complexes of the phosphines 5 and 6 were prepared in the expectation that crystalline complexes would be formed, providing additional characterization of the phosphines themselves, which were isolated as oils. and to fully characterize the complex, an X-ray structure determination was carried out.
However, the crystal was weakly diffracting, and coupled with ambiguities in space group assignment and likely disorder, an adequate refinement was not obtained, so 9 discussion of bond parameters was clearly not justified. However, the overall structure of the complex (Figure 2 ) is clear, and confirms the formulation as a chelate complex formed by the bidentate bis(primary) phosphine, with the seven-membered ring adopting a boat conformation. The negative-ion electrospray mass spectrum of 8 in methanol with added NaOMe gave a very strong [M -H] -ion as the base peak, due to deprotonation of one of the PH hydrogens. We have used this ionization technique previously in ES characterization of molybdenum carbonyl complexes of FcCH 2 PH 2 [9] ; the alternative addition of OMe -to a coordinated CO ligand [23] was not observed for this complex. [26] suggests that the phosphines reported herein could be valuable precursors for the synthesis of new ferrocene-based phosphine ligands. While the factors providing air stability in the ferrocenyl primary phosphine/arsine system are not currently understood, the synthesis of related compounds may provide insights, and studies in this area are planned.
Experimental
General experimental procedures
General experimental techniques and instrumentation were as described in a recent publication. Gc-ms data were acquired using a Hewlett-Packard 5890 series 1 gas chromatograph coupled to a Hewlett Packard 5970 series mass selective detector operating at 70 eV. Samples were introduced as dichloromethane solutions and were eluted using a 50-280 °C temperature ramp, at 10 °C min -1 with a 3 min. solvent delay and an HP1 column containing crosslinked methylsilicone gum.
Electrospray mass spectra were recorded as described before, [11] using methanol as the solvent and mobile phase. A small quantity of aqueous AgNO 3 (0.1 M, ca. 1 mmol per mL of sample solution) was added to the primary phosphines to generate charged silver complexes in situ. [13] Small quantities of NaOMe in methanol were added to the Mo carbonyl complexes to promote ionization by deprotonation. [23] Ion assignment was assisted by comparison of observed and calculated isotope distribution patterns, the latter obtained using the ISOTOPE program.
[27]
The following compounds were used as supplied from commercial sources:
Mo(CO) 6 
Synthesis of 1,2-Fc"(CH 2 PH 2 ) 2 6
1,2-Fc"(CH 2 Cl) 2 was generated by a minor modification of the literature procedure [31] as follows: To 1,2-Fc"(CH 2 OH) 2 h. Methanol (5 ml) was carefully added dropwise to destroy excess LiAlH 4 , the mixture stirred for 30 min., and the volatiles removed under vacuum. The residue was dissolved in petroleum spirits (20 mL), filtered through celite, and the solvent removed giving the product 6 as a yellow crystalline solid which melted on warming to room temperature. Mo(CO) 6 (1.62 g, 6 mmol) was dissolved in thf (15 mL) under nitrogen and a solution of 1,1'-Fc'(CH 2 PH 2 ) 2 5 (0.057 g, 0.2 mmol) in thf (5 mL) added. The solution was exposed to UV light for 3 hours, the solvent removed under vacuum and excess Mo(CO) 6 removed by sublimation under vacuum at 45 °C over 2 days. The residue was dissolved in dichloromethane (2 mL) and purified by silica thin layer chromatography using 4:6 dichloromethane-petroleum spirits as the eluting solvent. Crystallographic data for the structural analysis have been deposited with the Thermal ellipsoids are at the 50% probability level. 
